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1. - #>8fcHMlJL, £r&frj£l-&&: 
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u m =fi 



mi/36w 



FJ^f*ll^i^?MW*a (mram) ii#^t4ia>t^^h^*&^i 

UlklLfBjttf- (TMR) J. %mfef&&&7tft&-& * 20%tf*Jitt*fcMWb 
^[J. APP1. Phys. 79, 4724 ( 1996 ) ] . @ TMR *>|*fe*a*fc FA 

[Phys. Rev Lett 74, 3273 ( 1995 ) ] . 

10-4227). %%]J ^.-If 

£ — jfrffi , m&XiL%&4!rG&&J l %i* Fe/Ge/Fe/Ge/Fe 
£/ffc44Phys.Rev.B56, 5484(1997)]. &tfji&44&iS. (8K) £^*S-T 

«iKAJii«*«sMr«"ir. **«tiW^W A1203. sio2 

^A^tb^^'l^^^^^^^^ H^>t#[Phys, 
Rev, B56(10)R5747(1977); ;&/fl>###^23, 4-2(1999); APPI, Phys, 
Lett. 73 ( 19 ), 2829 ( 1998 ) ]. B*/flifc*rtrffr«W 20%tt 



3 



00135319. 5 



tt m ^ Jtl2/36W 



*%0Ut4btiJM*4MUu ^^#J5L#£Ti£ 
Wt MRAM ^f-JlBt, 

*']^&i£&)B££R&tf4sM^ Phys, Lett. 73 (19), 

2829 (1998) J^f, @^*fc^>&A#^lfc«t&^ Co, Ni80Fe2O ^#->&J& 

( ) imttj&kibm&jQ. t&JbWkJtf%$-xJ& 
*ffit^¥imc&jh$ it^m ( ) swywr^. *h»* t 

£^+«^Sttt*.*3lL St* MRAM *AJ*>1f 

^^M^tM 1Gb «UiA$|l&$fj!fctt MRAM AWt*, 

^^#^,[J, Mag. Mag. Mat, 159 ( 1996 )L1; J, Mag. Mag. Mat, 202 ( 1999 ) 
157], TA^J^tl^%^^4t^^^^r^-r, @$*3tTMR/C/fH$ 

Mctfjm4&£& MimmxiMto mmn&tL ^.^jm^m^m^x. 

Jii£J£— Co Co ^^r/Ni-Fe/Co J^b-H.y&JSM*!/*,; 
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tt m ^ SI3/36W 



#] %^m*L fBJMt4&[ * % —&MJkl% —fr*L&l% ^&MJkl% 
i£%-*>%vi4mM;& Co 4£^Er^ Co 4k£4tfNi-Fe ^r/Co ^^r^ 

* Co J^riL Co £.44/ Ni-Fe ^r/Co &4*£jUftftj*.; £Jti£#— 
*~%L*m%w&*L fJULft&t & # -~®MM;l% -fr*LJkl% 

JUMfetfJfc*. jLi£%—&%JS-tmM& Co Co £44/ Ni-Fe 

44/Co£44-H^JBU*lA; ^^—X^¥MJ^^^JtM^^. 

4U&MWLtaJMt+J3&to Co £44& Co £44/ Ni-Fe 44 
/Co &^J=-Mti&#]W$-&XfjL l-5nm. 

tt*fc?H*£X4Nr ^^it^fe-f^ — i # w t 

^mcMXM:\ &&&&&& , A$m^*mkjk2-Jki&> 



5 



00135319. 5 



itt m ^ Jfl4/36W 



2. *» (i) *f&tta*$4i4U, 
>grt^— ^fc^— >Nfctt>£. 4"fc^^*WMt. 

S 6 4. MOS ^^^^^^il^ia^— MRAM tf^Mfcfc 
MRAM-fcl^BI; 

a 8 ^^^^H^'^i^l^^ia^--^^ mram 4Mfcfei&ffl; 
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itt m ^ Jfl5/36W 



a 9 ^M^mLm^i^m^^sm^^^m s # 

MRAM -H&JQ; 

® 11 ^^M^LW-fc'S MRAM Ji^lMBf'I^ISfeil^it^^^mffl; 
9 12 ^Ml*^ MRAM Ji^^^Nlit^iL^^^® ; 

a 13 AH^^*4Lw^r^ mram #]#,a ; 

B 14 MRAM Mj&tWtiiWLm; 

a i9&&tf&&*>® i8 ^^^x^^^i^^st^a; 
a 20 4A^^^ i a ^* b 6^4**, puts # a ; 

a 21 £U$JF$L%;foW 1 A. B C tf^M^^^^ 

a 23 2 A2 B2 #^pL$i3tt&#^a ; 

a 24 A^-fcl 2 #-&#A2. B2 C2 #^fc|&^fc#-i?:^4>&#:^ 

^ a; 

a 25 2 A2, B2 D2 ^Ij^t^^iUfrife*:^* 

tfe B; 

a 26 ^tJM^afc'M 3 A3 3» B3 ^pL^t^fci&a; 

a 27 3 #i£#A3, B3 C3 tfj&lLft^ 

&a; 

a 28 3 ^iW A3, B3 *» D3 ^J8^t^*&^X#^lt4*^tfa 
£L«***B; 

a 30 4 1£# A4, B4 ^ C4 ^^pl^^^^A^ 

*#B; 

a 31 >t#.^#e*W 4 W A4, B4 D4 ttJW^tiJHtiUfclHfr 
a 32 jt*-****! 5 t #4*fcJM*^*H*^^**. |HiD*M**l 
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ift m V ^6/36^ 



ffl 33 ^L^^^J 5 A5 B5 |&#b&#£,ffl ; 

m 34 £4t^&&#!| 5 A5, B5 C5 #>#fcl&£>ffc*^;&*»fc,& 

ffl 35 ^tf^^'J 5 A5, B5. D5 E5 ^^^^#^48: 

S 36 7 T2 *»T3 tt^E^^fcFJlM^tf 

ffl 37 7 Tl , T2 T3 Ml^i? 

M: 1V%—&MM; \3l%^-&&Uk 141%^-^M: \5/%SJ&M 

Ml6/%^J^^17M^A^^^^^^. &&xJ*-t, 

JL$m%±'ifc&mL*Lv£. frtiUxfrX, %—fr%S-&M& 12, 16 
A^J^ ( mcM%Jk X 14 MRAM ftVLT%*& 

<k ( ^'J*» Co— Fe, Co— Fe— Ni ) & Co ^^r/ Ni— Fe ^£r/Co 

21/£-WMl>£- 22/%~&MM: 23/%-JSjmM: 24/% JLmtM 25/#-^fc 
>g-26/^W^I^27/^*A4Mtt'li^liali3i^^^A. & 
4mMJLtmmiktfL. — 23 25 %M%Jk, 

%-~&%Tm&MJk 21 27 A.% MRAM +fr^T^*e»^ ). & 

%^J&tLf$JL^, ft*§&&#i%^%&&ftJk2\*'21 & Co£&& 
( Co— Fe. Co— Fe— Ni ^ ) i& Co Ni— Fe ^k/Co 

>g- 31/#-H&*&& 32/#— fr^M 33/%^®&&Jk 34/%~£MMM: 35/% 23k 
l&Jk 36l%~fr*>& 311% 3S/% 39 

j£te%^Jfr%=Ab&M: 34. 36 tt%4*$LMmmtitVLT> 
4MkM;32fr3S&%%&M:(&MRAMitifom*%ffiZ^). 
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tt m ^ Jfl7/36W 



il ( £ MRAM ). £|5 PiL;£/fr _h## il 

S-^^r ( Co-Fe, Co-Fe-Ni ^ ) ^ Co J-^r/ Ni-Fe ^r/Co J-^ 
®47fAT **M3 #1% PiUc/ff. i£>&% J&ic/ft- 40 ^#>gr 41/ 

-frfe^ 42/%^-$kMM; &/%-im&Jk 44/%^-&MM: 45/|l-=L#;&.& 
>g- 46/%W$k.8k& 47/^r-^h%>i- 48/^iL4fc^ 49 

^E?^iki:43. 45. 47 it^t W£'&,Ir 44. 46 BMM^^^^. fcik 
^^%^^%^&M& 43. 45. 47^^, ^—^5^.^41. 49 

41. 49 Co ^-^r ( Co— Fe, Co— Fe— Ni 4p) i£ 
% Co Ni-Fe ^r/Co =->i-^J^. 

45b 4 ft^JL^M&g- 45. 

t&$LW%S'h&] Co^-^k ( Co— Fe, Co— Fe— Ni ^) i& Co .g-^r/Ni— Fe 
^r/Co ^-^r^jeyaA; & 1 t^*J^Mfc& 14, S 2 t##— 
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tt m ^ JI8/36W 



fr%v9&MM:2L 27, S 3 t^^— sWPw*Wt& 32. 38 

^ 34. 36 t^^T— ffl 5 t#l*— **|5i4fcfifc& 41. 49. M. 

£ |J &^_t$ Co J-^r/Ni-Fe ^/Co J-^^^M^^/XT, itii& 
%-sr^it£ti&£^— 31. 39 35 $1 

Il ( :fcJi#p$JMl CoJ^£-£- ( Co-Fe, Co— Fe~Ni ^) 
^ Co ^^r/Ni-Fe ^r/Co ^^r=->g-M. ^^ii^^t^^* 
iftAg. Cu. Au. Al. Mg. Si. Bi. Ta. B. C. 0. N. Si. Pd. Pt. Zr. Ir. 
W. Mo. Nb ^#^'&7C^\ &&Wtt&^f3.^st&mTX&tLf3M$k&, %k 

§&M:tf}M-Jk$l$jti% 0. lnm~100nm, 0. 5nm ~ 50nm, ftfL 

M&jg. 1 ~ 5nm. -k>%. lj ^y^^^-^^. Iran, #J ll &M;3i&^&igtf}J&, 

5nm, f3.7Ctf-frft & MRAM t Bt, 0. 25 m m *j"iC/H*fT 
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tt m ^ SI9/36W 



mfH, &mT&*UL$f&m 1000 3L&itt&L 

%t\>> 5im, m MR ^t^m^S.^J^L^-ifhTf^. 

^;t^#^>&###]]«J, Fe. Co. Ni ^tim^, t\$l 

%Lfc^^tf}f&4k, Cr0 2 . RXMn0 3 _ y (R: X: Ca, Ba, Sr ) ^M:^, 

NiMnSb, PtMnSb^i#4«fr^r. ^^'J^f A^B^AM.t^'^M-^L 
^£ 0. 4nm >XJl. ^^^iMa^W, T#£i£^'£^t^ 
>^JN*rAg. Cu. Ail, Al. Mg. Si. Bi. Ta. B. C. 0. N. Si. RL Pt. Zr. 
Ir. W. Mo. Nb^^^'^TG*. 

^ ^-#^^^##>5l^-#^]^p|L^J, *r#$ Ru. Ir. Cr. Cu 

0.5~2.5nm> ^^%feH&>\£frJUk&tki&&&i&%_, #m&LM:&)1& 
0. 7 ~ 1. 3nm 3t*f. ^TJMMi^iti Co ( i& Co-Fe ) /Ru/Co ( i£, Co-Fe ), 
Co ( M, Co-Fe) /Ir/Co ( & Co— Fe) ^-H-ygrM. 

*J>^ Fe— Mn. Pt— Mn. Pt— Cr— Mn, Ni— Mn, Ir— Mn. NiO, Fe 2 0 3 

■^VXm A1 2 0 3 . Si0 2 . MgO. A1N. Bi 2 0 3 . MgF 2 . CaF 2 . SrTi0 2 . AlLa0 3 4f 

##]fM?J, f:*f^#, fci&.&jM-J&.fc lOnm Jtflc.J&^# 5nm #T. 

^^iL^^^%|!a^#-^^L>5:^r#^m.*J, Si. Si0 2 . 

A1 2 0 3 . *AlN^*#&feL £*J3M8+. HLT#£*^Ti&i±J& 

Ta. Ti. W. Pt. Pd. Au, Ti/Pt. Ta/Pt. Ti/Pd. Ta/Pd & TiNx %t%$C%}^ 
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m U SI10/36W 



T*^^^9l^*Pi>C#^##^t£ (MRAM) i£*f-ft»JJ. £J8* 
&*M&^fa.7t&ib MRAM ^^f^#^if^A^^t*f^dj^'ff/X, 

Ttf #-J»ffl 6 7 MOS &4£f- JL^^ft-W^ — 4fcfifrt£xiffc 

Sli&jC/fr (SI) MRAM. © 6 ^ 3 x 3 MRAM #4f4&%J&g, 

S 7 TFifc T— ^-f it^ MRAM 

6 #r^, *,&#>f- 60 ^® 1 ^^m^nSU&TVfr ( MTR) 10 *A 

#-fc^^*]/M£NMfc. 60 tffam3.&&jT£&mtf]^m. (wld 

62, ^n43|>J8^^ (WL2) 71 -f-#Sfci. ^ TMR10 i& (_b#p) 

S&g-tfW (BL) 74 J? ^ (WL1) 62^J% ( WL2 ) 71 #jLi&Z. 

>® 7 ^J&&;£S>t 61, 62, »#L 63. 64 & 

4£f 60, *£. 62 W ( WL1 ). &m%L 62 -tmt^^^ 

J^mtfl^m, ( flL2 ) 71. 72 60 ^iE 64 _t. J&>g- 73 

^.*^«t.^4b* 72 Jt. frz$jkMJ& 73 jLtfj^J^M&j^gi (WL2) 71 ±?r&) 
1 /^W#^#^*flt#>&fr (TMR) 10. Pp£j&>& 73 _h 

(<%%LM) W%~<fr&M: (m&M) 16a. 16b/^r-iL^& 

M; 17. * 16a, 16b ^>g-#J&#;tyg-. TMR10 ##-=^_4fcJ& 

,& 17 JLtiZ&ikg, ( BL) 74 

^® 7 t) 14 #t&3§Pj? Ji^ttiUMkg- 17 

#»&Jt>g- 16b tiftfrjtxmtil, ^ttJSL&MM; 17 **«£jg- 16b ft&Am. 74 

*h 17 ^T*^«i-^iL4fciftjS- 17 mftft&#i&%J& 

16b, i«*iUfei*>517/dfeA>R*A^74. 

16b, 16a^ij^i, mkV?&JiX^^, 16b, 16a 
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ift m U aSii/36M 



TMR10 # g 14 6^J^W#J& lj W%^*LJk 

16a #j$JM*S^ $>;tv& 16b/iUgMst& 17/£:M,M;&J&im°®l&ft&. $L 
^-^t. TMR10 ifift&MU #l-t3tgft&& ft W%~Jt*LM: 

^JSffl 8 ^® 9 (® 1) 

>grf:^^it^ MRAM. S 8^t3x 3 ^-tc^ MRAM @ 9 MRAM 

ipS 8 #^abMMf|J*M*, &^4?lf- 80 ^ TMR10 fftMfcf8JSiM$-7L 
#^JA^PM^. -=^-f" 80 ifc TMR10 #yg-4-fW/&>fc^ (WL) 91 _t. ^fet 
80 sfci^iS, (WL) 91 ;ff&. TMR10 ifciiif^NI (WL) 91 

mM.&j&m, (bl) 92^^. 

/9pF, (WL) 91 ift^,&-L^/3U£— *Lf 80, &g-±.1& 

81. ^T«^^>&^^^*L^4L«5|«X TiNx ^fUfcJBL ««.6rjt 

A^r*. £j&>& si _t^A*»s i ^^w^^*^*at^>tfr <™) 

10. Sfp^^g- 81 _LiMS 1 iL4fc8tg- ll/£— IfcStg; 12/3*— ^fe 

lZ/$s4km& U(%&M) l%~fr*LJk \Sf%2&MJk 16a. 
16b/#X JSMMM; 17 «4>&. £»Jt, * 16a, 16b 
J&ikmLlO AM (BL) 92 6fc£#,g. 

fcfl^tti&4fclft>& 17 Ti«Hi*t?»^Mi^^5- 16b, 16a#t|*t ^-fitfi. 
16b, 16a #J&#£4M^$Hfr, 
S^WW^l^ 17 ^fflx^^x^^, 

%$Y, & MRAM ^^itt. ^T^tl*>&Ji^4fcI»>&/4W'^&/4*. 
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1ft m U Jg 12/3631 



0. 5~5nm#J&®f*l. 

T^Ba^J^iL^^^*^^ MRAM. -5;ML«!B#&tt MRAM &tej&8fe 

JL-f-im. ® Ail. 1 ^ % 2S.«5± ;t^-t#*F— 

faffimft&fa&$iM%rtf}gi#3, /kib^&&M%jtm.&fr TMR t^%^^ 
A. 

^>&^#^^Mt#*»^4uab&. ftmjt&m co x F ei _ x (o.5<x<i.o) # 

:ML£-=->|- Cofe^J&m&^&Wjp Ni-Fe 
Mr, n^Mfcft&X&fy&^&'y. Ni-Fe &kM:& fee ( 111) ^ 

iSjift, £-_L3?#f Cc^Fe^ fee (111) JMj, 4& Co.Fe^ -M^JNfc 
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m U Jg 13/3631 



*ttfr<JLT, 0. 5erg/cm 2 jXJl, «4fc#[;tJ&& 

TSffJ 10~ 12it^^^MRAM^4^.^'^il^ic#W'l^-. 

S 10 f^j^M^mst^^^^AM 101/%—gMMM: 102/%— 
\XM?Uk 103/%— 105a, 105b 105c 

J=-M:mj8L&¥}&ivL%J& 105/%^^ lOG/%ZJ&#&fLM; 107/%— £jk 
MM: 109 JkM&m. 

105 105a 5M&#>£ 105c % jL5k%k-'&M&. &&&% 

—J\-$L& 104 _t^^— ^fc^^g- 103, &&£#.=~4hfe>g- 106 X&i%^J& 

m 11 ifiW(&>}k?&M&i£^A%&JkM: \\\/%—$J&MJk 112/%— 
WM.%J& 113/%— ^M: 1U/&&MM; 115a, 115b fr&MM: 115c 

=.>&JBHaA^-i&^g- 115/$5^hfe>g 116/*fcSt& 117a, 117b 
4feStg- 117c ^-}kmM-&Jft % %Jk \Yl/%~&J&MJk U8/&.&M; 119 

^i&^tg: 115 6^>#yg- 115a iM&Mfcg- 115c AikM'&M^. %^-*&fc^ 
iLJk 117 f##U§tg- 117a iH^^ 117c JSMM'^M^. ft friz 
& 114 Ji##--JtHfc#[;t^ 113 %>£,&&%~fr*LJk 116 -L^^^^^. 
>g- 117 tt£fc8*>& 117a £~ |J ^ft^hMfWife. 

^.ii#^^LT, &&&%--micM3LMz 113 # *>% H 

M: 117 115 

^tfc^ %Jk lll^&m^^M; 115 t^^^L«^, 
ift®%£M&)k&Kifi%~mm$LM; 113 ttaMfci/L-*-*/*^**, M. 

@ 12 tfj&&\^&^^4L%&AM; 121/%— £J&MJk 
& 123a, 123b 123c |£— 123/ 

^— ^>g- 124/#4fci£>g- 125a, lY&'te-M: 125b 125c ^-JkWM-fk 

&)$&tZ$lM 125/%—^M 127a, #$k-\kM 127b, 
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tt m U SI14/36W 



127c. &&\k& 127d 127e £-&mS.&ifi % ^tikim. 127/%~ 

mL&Jk 125 tfj&MM; 125a fr&MM; 125c %—T&MJ& 
%Jk 123 #4*£tg- 123a %>&MM 123c &m&®$k%-. %=iJ&VcA&fUk 127 
fi^|fefife&127a. IfcObg- 127c 127e 

JttLJk 114 X¥)%-mm$LM; 123 6^^>g- 123c i?#j^&gE.#^hfc 
Jk 126 -L^j^^^^g- 127 ft&^yg 127a ^tl^>#^*b^^#^ 

£i&*H^2LT, T«^ffl 11 *H§3, J&4b4$Jtjg- 123 ^-fc^tff 

*>%^J&KMfUk 117 jMSi&^bg- 115 

£® 13 t^tbT^J^a 11 tf¥L%kfe&Lf&it^7lft&3 MRAM 
Si JMfc 151 _L# SiOt, &J&&&m^fcikW%fitf) 
-k&fa&tfj^g.^. fe^m. 152 _t« Si0 2 ^SiOjjJ^A^vR 
B&££ 153 fr&M>\k33L &£it iC/fr (TMR X/fr). it TMR 7C/fH"® 11 * 
##J&^- 111/15— J^fefifeS- 112/^- aftfWi^S- 113/35— ^Hfejg- 114/&4*. 
J&g- 115a, H5b 3H&*&& 115c =->&JBUaA6t«i&#tg- 115/^^- 

116/ 117a, fttikfeM 117b 3H&Sig- 117c -=^JBHa&ttii$ 
-^HM/t^- 117/f-^4US>g- 118/IM^ 119 it TMR it#- 

J&AJZTtSR 119 154. 

MRAM, 152 ±$&&i&#£J3kiiL$.M: 115 ±J&fo^MM%j 

(fr]lpy$J&M1fcjr£] > ) mn*$i MJk£i 154 115 jiAT 

J^&*£%&iU^db&S£l% 153 ^>g-^i&^.>& 115 JfcAJfA'&^fcSk # 
j*&a#i53bg- 115 mtjti£4T%^. -fr%J£fa&fc$Jk 115 jiX&afe 

% ifc# IS] Bt^#i&^>g-_b^^^ 8jy»^at#^, gfcT& TMR ic/ff- t Sfc 
i±#?£^fc>j£,, JLTi* (^) 6$%jfcfi^,£. HA, sfc^lGb 

#-h# MRAM t, Htf&l^jLga^^^L^ TMR 7Ufr&jf&m&&M: 

&JRSI 13 6$ MRAM, 154 #%5fc*J-*&4tg- 115 ^M^JkM 
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1ft m U SI15/36W 



AJ!l>aHe4fc>g- 115 t^^^^at— 14 #r^, £ 

^ 154 Xty&m&^M; 155 154 156. 

® 14 6^ MRAM, jSJltf/li&ii TMR &ftXft^fciftitft&£fr&.%~^& t 156 
_L^i±^%^^i^^t, -^^xmMX'b^^-iX^Mit^M: 115 fta&ffc 

® 15 jW-ML^&ft^— ;#fc|9LfofM0*]«.a. a 15 f^^m^fa. 
7Ufc%ck%— BJ&J&M; 161. ^— £M*>&162» ^— J^ilW^- 163> 1^4*. 

164, ^— 165. # 166. |5^*4t>& 167, 

Jgfcg- 168. 3S~KU£ifc£Ljg- 169. ^i<fe«yg- 170. 171 yg-^J 

jt&%—Wt%M~M 163 -5#^S£iiJ&&g- 169 4U*|fi*j|5JS4fclfc>& 164, 
165, |lj=|&&& 166, |5^4M*ik& 167 168 
172. 3J&$k& 164. 166iti±^~#^&>g- 165 4/U& 

^ij^^#^L^#^^^T. 3?JM*^w4kgkg. 166, 

168 i|.5t^-=-#^>i- 167 & 1} #^#0M£>^-Hf4fc&. 

162 J?|£— iLtfcStg- 161 3t^^, ^Sf^fW^^j 
±M1*M7L, |SJ#, 3$_54fclSfcg. 170 i?^iL^tg- 171 A»fflt 

166. 168 >s $\m%7T&m&fem. %-tt&, %—$k 

tikM; 162 *»#JL4fcl£>& 170 ii#£S5>JJ§fl5 — 5p»|5— 161. 171 

J^W^fcStg- 164. 166. 168 ¥}mX&&m*L>htf]tY^&m 
f*f*£.mt$L&4fc$l. 3fc*J>*fcL "1" i& "0" 5- 

%V3&MJ&164* 166. 168 t. 

164. 166 ^j5J^, #MJ3k3&£3&£$^-#fik>\kJ& 167 fc&tfcfifrg. 
%k&tf i i %sL*> J %imm&Jk 166. 168 4J3J8j^, ft&fy&&UL41rfc.to4t, & 

tikm^L^mfa. mtjuzftig&mgMtikm hsw x.^^#^#-tc.^ 

*h&%=-2-%*iQ&kJk 164. 166. 168 He <k$L. m 

MnJktiL He -A'Jr, m*Ty*tiL HSW £'J\ &3MUf *N8f 
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m U JI16/36W 



Ku *4fc^*.'hi& M, Hc=2Ku/M 
% W&MM; 164, 166, 168 %Mi&$MlkttT#J& 

%$Y, 15 fifclS%J&7&#4J*i£4t& 172 

l&iL^LM; 172 ^j^^^^^W^.^>ir 164. 168 tftikityr fatf^fam. 
#'^-?XT, Ml-ltiiW 163 %%%~&MJk 164 
(^t^^ir) 162 ^^k%^m^^ 169 #i?JM£M£;ir 168 *t$.¥i 
(mib®$LM) 170 %71&Z#Hto£$-- 

£bstg- 162 if 170 tfitikl&zrfttem, x%mn—$eMWfe$i%— 

m, 171, MMtWWSit. 

^jfc, T^jbSfct^— JJ|5w4fcatg- 164, 166, 168 

166 tfjmtfc M3 164, 168 

M ( 2+4) &rfc, M3 M M ( 2+4) ^^^Nl^l^'^^T, it 

W*>, &Mnfttt^&%— &%*MMJk 166 tfiM- 
M. T3 ^%^-%*%W&MM 164, 168 tfi%~i\M-M_ T ( 2+4) ^J*J. i£Bt T3 if 
T ( 2+4) tf3£.tfj%>^ik&ftfc 0. 5nm #-M* 5im #Ti#&© 1*1. 

jL^fX&t&%=-£.%T8&MM; 164, 166, 168 1% ft 
iM£.M3i§M (2+4) tfife^n. 

j&^K ^VXmtHBJ^^^^^%^-3J^^^Mm 164, 166, 
168 ■£X£'64fcfiBE>g-, 4£M3 if M (2+4) SHS.^. ® 16 ^^PJLtg 

*hfiM-#® 15 #I£?#*K ^*^itit^— 4p%=Jfcm&Jk 164, 167 £4£ 
^^-t^J % 164, 166, 168 ^H%v9&MM; 168 

168b ###J. i*^>^/3#!^J&J£<£-£r. Fe, Cb-Fe^r, Co-Fe-Ni 
&k%rrt%&MM; 168b, JWT«^JfeW5W*%T*4t^i^, it&TJMS. 

17 #r^W, ^i«/r3i&M*lMt 162b #J5>HUafc 
>g- 162a. 162b >^^^^^^l:>i-#^^-^>g(>#^^g-) 162, 
^>-5Tv^^3tit^^^ 170b &&MJk 170a. 170c J^&}!k^m%&&j%k>&. 

(mmTtM;) 170. Siit«#^**-T«4tj|E— 



18 



00135319. 5 



m U JI17/36M 



iL&Jskg- 162, 170 ibm^—^mfL^jtekm$L. ffJL, gl^^U^ 

— 162. 170 #jmt&&fy&.:y, fyM-*rvzfyffl*ftikiz$.M m 

M-zTMfo&m 6 J^W-ift MRAM. ^^&&&±&&&f&7&fc*>~fo.1t 
^j^tg£j./W?']#., J?'JT^^® 8#T^##MRAM. 

fifc-TJfJCo, Fe, Co-Fe^r. Co-Ni Co-Fe-Ni ^r, 

— J.$Wtfcl&g- 164, 166, 168 ###^K 3£^$ NiMnSb. Co 2 MnGe ^ 

164, 166, 168 *if^tJ^®f*I*^"— A-m&jm 

SA^T^M*. — ^JM**ft«-^*4t^*.'h^E. 10 5 erg/cm 3 « 
T, ^£ ^erg/cm 3 #T. Mt^WI^ 1 ~ 10m. 

Cu, Au, Ag, Cr, Ru, Ir, Al &^tott<£*£^£*t'£4Wf^4h 
■t%~M-%W&MM; 164, 166, 168 ^n^^L^MM^^^—^^Y 
Ek'lkM; 165, 167 Cu, Ru, Ir, '&-fn£.TO&#&# 

m^fr^mJ^&'®M&tfj#jfr. 4Mfr&v&#JBS##'fti££ 0. 5 ~ 2nm. 

dtaji^f^., -sr^^ A1 2 0 3 > NiO. ~%&Jk. MgO ^ft%mgM%~Mztt#c. 
mUm~%tt%JLfc%&m$L0.5~ZTm. ^Jtflfit, FeMn. IrMn. PtMn 

S i8^^^^BJ^^^»^i^i|^^%ja^^^^ 
**M*B+**ifett«#*BttttJMMF. 201 

202. 202 ^1TiBSJi*|L^^^Ji^^4fc^^^'^»ii^/G 

*MWfrk*M?fi$?jM5. 203. 202 Jc-mk^^frj&kmttftm. 204, si 

^5!^, 204 &—3&&&£.4aJ$J&J&&}$%L 203 _L^^.FJ.^^^%^Ji, 
?I SSL 204 3&il-gME.*,#L& 205 _L. 

m 19 jl^MM&ftgl 18 ^^^X^^X^^^^^^S. 
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^ 211 212 _t, ^#itit^^L g S t2t^*^*^4ti4fe<NS 

^mr-fftat^*^^^. © is mm&G 201 

#j213_t, * 202 &203. 211 ^Bt, 

*%pL*7f* 203 6WfeiM^^*fi^£&^*ifc 211 
#.&T, jfc#te&tti&4bM-£.. %M&*R 201 #&#-h3tJL*3Wfc%3Mx.t 
# — #fifrttMiH*3fr*L 214. tikM.m,m*>?hM> 214 #&lt3k&3MMf 201 

fry$£¥j&&J8LM t tfjfik&&ft&. 201 213 tt-LTft 

^sfcfll 1 

5M^-^ H ^^-Si/Si0 2 ^^^ Si0 2 ^L_L^]#*^S 1 ^*F*Mkft#i5 
&&&>)kstmitk7bfr ( A B ) tt<W-J-. 

i£# A Ta ^g-, * Fe-Mn/Ni— Fe —J&J&jsJMh % —MJk&kM;, CoFe 
#JL&6^ — ^>g-. & AlA^BL/fc^— ^>&. # Co 9 Fe £S&^-^4fc§tgr. 
& A1 2 0 3 & CoFe isjsjft% =-4felSb^ & Ni-Fe/Fe— Mn 

^# B Ta Jbg-, * Ir-Mn iS.^M^—jSMMM^. & Co— Fe 

* AlsA&jfcttlS— 4hfe>&, * CoFe/Ni-Fe/CoFe ^gJSUB. 
A.6$#— & Al 2 0 3 £D&i^-=^b&vg. & CoFe £a/&#|5 JL^&Stg-. 
& Ir-Mn feA^jp— iUfeSStS, Tafl^^**JMfctt##. 

-£^J&, ^ Ar, iiJ>J*L^£^. >^t^Lh«^ftTa(5iiBi)/FeaMn 46 ( 20niii) 
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/Ni 8 Fe2 ( 5nm) /CoFe ( 3nm) /A1 2 0 3 ( 1. 7nm) /CogFe ( 3nm) /A1 2 0 3 ( 2nm) /CbFe 
(3nm) /NigFe 2 (5nm) /Fejin 46 ( 20nm) /Ta (5nm). Ar ^Lt#l 

A1 2 0 3 » 

Jtifcij&IBIjiSjBi^, *J^it*]^L^ME.|Ui^P^ Ta tt.t?M;±.1&& 100m m 

ifrtf] CogFe/A^Oa/CoFe/Ni-Fe/Fe-Mn/Ta. fl^W^^M^*^, *'J/iJ&^- 
4L«fc£fcft£ifc# 300nm # A1 2 0 3 ^, A1 2 0 3 , 

&.&&.4f&.Myk *. ^MMH&-ha&fe ai, &fe*%zJfc&M&i&#j& 
*MfB##MfcftpT. #JMfcak**N-3ti+, JL 1 * io~ 7 

( 20nm) /CoFe ( 3nm) /A1 2 0 3 ( 1. 5nm) /CoFe ( lnm) /Ni8Fe2 ( tnm, t=l, 2 
i& 3nm ) /CoFe ( lnm ) /A1 2 0 3 ( 1. 8nm ) /CoFe ( 3nm ) IrzAin^ ( 20nm ) /Ta ( 5nm ). 
ft&-i-&Hft7r&1$A A1 2 0 3 . 

-fci&&*&Aj«J&, Wfi^8JFJ&-$-£*f#l Ta i£PM-t-%& 100 Mm 

-ftf}%~fclrM®iV, *}m n^&M&^fai- Al 2 o 3 «_L-ip^tt 

CoFe/Ni 8 Fe 2 /CoFe/Al 2 0 3 /CoFe/Ir 22 Mn 78 /Ta. _t^.^r $Ml P}-ft£$L A1 2 0 3 

i£# C %JikM-)ki$- I^il^iG^, Ta/Ir— N6i/CoFe/Al 2 0 3 /CoFe/Ni- 

Fe/Ta^-ir^. 

i£# D &*&JMk&&ffi&&>lkKt&&gi7Ltf-, Ta ( 5nn) /CoPt 
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( 20nm ) /A1 2 0 3 (1. 5nm) /CoFe ( lnm ) / Ni 8 Fe 2 ( 3nm ) /CoFe( Iran ) /A1 2 0 3 ( L 8nm ) 
/CoPt (20nm) /Ta (5nm) 

&® 20 A T-&# A ^ B ^^PJ.^*^,. A & 250 ^#r# 

5l#H^%t#fJT MR £/MMr 27%. *tiH£#B, ii.it&£ij& 

& (mz^M:) t# Ni 8 Fe 2 ^ CoFe #J^ft^a#J>£i^&%. 2p Ni 8 Fe 2 
lnm, 2nm, 3nm Bt, 16 ^*f#. 36 ^*f#, 52 ^#r#i£# 

m &)8kmT j&*ta£#r£*., «r>^# 26%# -t&j m 

^ 21 Tjrife 7i£# A. B ^ C &j MR ^t^fJr&fo*LMtn3-jt&. i£ 

i&# a ^ b tf&&fjL^t^m i }-- J ¥-Htfj*>& V V2 ffci£# C # ^, si^ 

A, B ^ D jk3-&$,^£kM t> 70 ^*r#t^ 

g 22 ^ifc 7t£# A, B ^ D 6»f 

Si0 2 , A1N. MgO. LaA10 3 ^ CaF 2 #^%^'^-/XT-<L^ 

%&M 2 

rmtm^. si/sio 2 ^teu& sio 2 to-M^^s 2 /^Wift^MW 

^ikM^^J^^TU^ ( A2 ^ B2 ) fifrW^J-. 

A2 Ta ^ir, & Ni-Fe/CoFe ^-J&m&&& % — £U£>gr. & A1 2 0 3 

& CoFe £JU&i#|l & Al 2 0 3 £JU£#r|?J=^h%,gr, & CoFe/Ni-Fe 

i£# B2 Ta & Ni-Fe/Ru/CoFe 4St«>&, 

& Al 2 0 3 !a&i#^— ^%>&, f*7 CoFe/Ni— Fe — J&m&^^^&MM;. & Fe 
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— Mn iUfclk&* & Ni— Fe/CoFe ^-y&^JL^^^ -H-^vgtg^ & A1 2 0 3 
£3.&&l%^kM. & CoFe/Ru/Ni— Fe Ta tf&J&J&jt 

x lO" 7 ^, -f^Ar, #i«MJt£M7J&, Ta( 3am)/Ni 81 Fe 19 

( t nm, t=3, 5 8nm) /CoFe ( lnm) /A1 2 0 3 ( 1. 2nm) /CoFe ( lim) /lr^ki 7Q 
( 17nm) /CoFe ( lnm) /A1 2 0 3 (1. 6nm)/CoFe ( lnm) /Ni 81 Fe 19 ( t nm, t=3. 5 
it, 8nm) jfc Ta ( 5nm). #JL, Ar ^t#'J^ Al Al JBi^, 

^^^^2JLT^|L, ii.it^^fc.f-^^t^J^Al 2 0 3 . 

^&Jii£y&iJ^, *J^ife,*J^t^ME.|Lt-^^ Ta 100 Mm 

fy&®>7LQttib%—fc&M;W, 4&m%^-4kM$J&*3-%'- A1 2 0 3 fXfc. 
CoFe/Ir— Mn/CoFe/ Al 2 0 3 /CoFe/Ni-Fe/Ta. 
mmtt&WMKfe&feJ* 300nm # A1 2 0 3 , I^^^^S 
i&ZL£-£ft#i A1 2 0 3 , >M*^«*h^^J^^I^^J&. 

±.&¥j Al Al %*Lfcfil. jR^-f->J**&t^**t3a^t. ft^^SlA. 

B2 *T^JIHW#- #*fcitAiMtftIt. #fr*M-££&S| 1 
x lO" 7 ^, -f^V Ar, $L&mzl&jj. &&%utm#Ll&& Ta ( 2nn) 

/Ni 81 Fe 19 (6nm) /Ru (0. 7nm) /Co 4 Fe 6 ( 3nm ) /A1 2 0 3 ( 1. 5nm ) /CoFe ( lnm ) /Ni 81 Fe 19 
( lnm) /Fe 54 Mn 46 (20nm)/Ni 81 Fe 19 (lnm)/ CoFe ( lnm) /A1 2 0 3 ( 1.7nm) /Co 4 Fe 6 
(3nm) /Ru(0.7nm)/Ni 8l Fe 19 (6nm) /Ta(5nm) ygr*. ii.i±-^ Ji^.^l#^r^ 

A A1 2 0 3<> 

-tii^iMAM^, mM&*)$L#£.$jL*P¥l Ta fi^M^A 100 Mm 

&j % , mm%f&n$L&fas- ai 2 o 3 «_t^^6t 
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CoFe/Nig^eig/Fe^Mn^/Ni^Feig/CoFe/Al^/Co^eg/Ru/Ni^Fe^/Ta. & Jgr JfJ _h 

-&# C2 ^ 4k it #tG*K ^r^* Ta(3nm)/Ni 81 Fe 19 (5nm)/ 

CoFe (lnm)/Al 2 a, (1. 2nm) /CoFe (lnm) /Ir 22 Mn 78 (17nm) / CoFe (lnm) / Ta(5nm) i£ 

i£# D2 ^^^MMz^^M^L^n,^,^^, Ta ( 3rm) 

/Ni ai Fe 19 (5nm)/CoFe ( lnm ) /A1 2 0 3 ( 1.2m) /CoFe ( lnm ) /A1 2 0 3 ( L6nm) / CoFe 
( lnm) / Ni 81 Fe 19 (5nm)/ Ta (5nm) 3&fc&}M:3:&#]. 

&m 23 t^* Ti£# A2 B2 $1%. A2, 

T«iI3ti&3t& ll t# Ni 8 Fe 2 ^ CoFe mM-J$Likjk%)JtiL£l 

tik%>. HpNi 8 Fe 2 ^|J^-^ 3nnu 5nm ^ 8nm Bt, 15 ^*f#. 26 ^*r# 

^ 38 :Mfr#tt^^T%pii&$r£ft, -*£VJL&& 26%^Ji^ MR £ft#-. i£ 
# B2 £ 39 ^###3§M%T, 26%^-h^ MR £ftif. 

@ 24 ^iii Ti£# A2, B2 :f* C2 r# MR ^^^fe^^^^i^^. i£ 
®&£i;OJ MR £4MM&%jBL#:£ V Bt^^ilM,— ft^ifct^. ^StT« B M 
^ * , ^# A2 ^ B2 Ifi^^M— -f ftf^ V 1/2 C2 #f 

A2, B2 ^ D2 ifcWMjMJMNfcHt. &Jfcl$f&*%% 70 
#t&#^ft#^t#^^&tt^#T^. 0 25 ^WA2, B2 
D2 #JJM*^%ft^i^^^*%B.#:&&. ^Btf»*AtM*r^ 
^ifrtfcfc^MUSr- ft. ^B1*TiSl9iiL*jb, *h&# D2, *&%&ffij*>M* 
fyJLftiUk&faWM&TfTk. H&te&J&tf- A2 ^ B2 >jL#J&3L*&ft#)t>&# 

£*hMf"&# A2 B2 m#] 
Co 4 Fee/Ru/Ni 81 Fe 19 ^^>&^#^ H B2 #&#'K 

Si0 2 , A1N, MgO. LaA10 3 & CaF 2 ##^%j&ttfr<JLT**3L 
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3 

T&Wft& Si/SiOfe-gjfeLifc Si/Al 2 q } JUli##£-#g 3 f%-&&jQJfa&3 
~ft&M&KWt£7bft ( A3 ^ B3 ) fifrW^. 

^# A3 Ta J&>!-, & Ir-Mn $3.M%— J0L4k&&* & Co-Fe 

#A]*Q,&A#j|5--4hfe^ * Co— Fe-N i 48&#j%~&M 
Jk. & Fe-Mn JsJ&MJk. $J Co — Fe— M & 

A1 2 0 3 % ^-fr^M;. & Co— Fe £JL&# ^ Wlkf&yg-, & Ir-Mn % 

7* & Ir-Mn Jl4fc)&&, #7 Co-Fe/Ru/Co 
- Fe % —&MJk* & Al 2 0j |JU&# # — & CoFe/Ni- Fe 

— Jkm&M%~ & Fe—Vfo i^Ml%~J0L&&J&* #7Ni-Fe/CoFe 
^fe&i&M%^&MJk. #7 Al 2 0 3 £j^U#^^h&,g-. * Co-Fe/Ru/Co— Fe 
-H.,&J&£&il#3$w£fc#>^ & Ir-Mn #JLj^^^ Ta 

*WA3*#T>3riUtf#: #toit^^#^t, #St*.^^*4-iA 
1* lO" 7 ^^, -fv^Ar, ft&3)]%L&lZj]&, fcgJgLtmJUki: Ta ( 5nm) 
/Ir 22 Mn 78 ( 18nm ) /CoFe ( 2nm ) /A1 2 0 3 ( 1. 7nm ) /Co 5 Fe x Ni 4 ( 2nm ) 
/Fe 1 Mn 1 (17nm)/Co 5 Fe 1 Ni 4 (2nm) /Al 2 0 3 (2nm)/CoFe (2nm) /Ir 22 Mn 78 (l8nm)/Ta 
(5nm). mjz, £*k At ^#]M Al Al j& &^£:£4fctM-£ti4*ft- 

3LT-?-AjL, iS.i±^5'J^^^t^^Al 2 0 3 . 

J^&M;&m£m&, mM&M$L%jfc$~£^tfj Ta flfc^Ji^A 100 Mm 

1$&%L$L2kK.-tfi ( j%^-$k&M;mi&, *}MM^~&M$Lfcfa3-%— A1 2 0 3 >x_fc. 
^F^#I Co 5 Fe 1 Ni 4 /Fe 1 Mn 1 /Co 5 Fe 1 Ni 4 / AlA/CoFe/Ir^g/Ta. 
#35^4Mr*>&B^, jflflfc^JMSft, ^Jf->^& 350nm 60 A1 2 0 3 

#^,&ffl#3l#-h*# A1 2 0 3 > fcgi^VX^^frX-fy&Jk^ 
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x lO' 7 ^, -f-X Ar, &&&\%L%J&j]J& t &£j!LJLm#J&§:Tei (3nn) /Ir 

— Mn(14njn)/Co — Fe ( 1. 5nm ) /Ru(0.7nm ) /Co — Fe ( 1.5nm ) 
/A1 2 0 3 (1. 7nm) /CoFe (lnm) /Ni 81 Fe 19 ( 2nm ) /Fe^Mii^ (19nm) /Ni 81 Fe 19 (2nm) / CoFe 

( lnm ) /A1 2 0 3 ( 2. lnm) /Co 9 Fe ( 2nm ) /Ru (0. 8nm) /Co 9 Fe (2nm) /Ir— Mn ( 14nm ) 
/Ta ( 5nm ). M ^ Ji^#2T£H£il A1 2 0 3 . 

XtiLSt&mJiMJ£, mm&*\8JFJ&-$Lt.*f#l Ta &#&±.1&& t 100 um 

J5Mr$5— ^4r>irS^j&, *»J m $LjL&&±.4p # Ta flb^-L^jfofc 
$L&JLir#j%~&&J&m-&, *]M% J f-&M$L^fa^%— Al 2 o 3 islL^ 

CoFe/Ni 81 Fe 19 /Fe 45 Mn 55 /Ni 81 Fe 19 /CoFe/Al 2 0 3 /Co 9 Fe/Ru/Co 9 Fe/Ir— lfc/Ta. ^4S" 
^-t^^Ak,^ AlA^iSJ^M, #AAlfc#Ufc*fc, iM8£Jir5l>MMriSj 

i£# C3 &&M>&$-M.it£7Ltf-, ^ Ta ( 3nm) /Ir-Mn ( 14nm) /Co 

— Fe ( 1. 5nm) /Ru ( 0. 7nm) /Co— Fe ( 1. 5nm) /A1 2 0 3 (1. 7nm)/ CoFe ( lnm) 
/Ni 81 Fe 19 (2nm)/Fe 45 Mn 55 ( 19nm) / Ta (5nm) i£##yM^#J. 

i£# D3 ^^rJSJ^M^^M'^L^W^pt^ Ta ( 5nn) 

/Co 8 Pt 2 (15nm)/CoFe ( 2nm) /A1 2 0 3 ( 1. 7nm) /CogFe^ ( 2nm) /A1 2 0 3 ( 2tm) 
/ CoFe (2nm) / Co 8 Pt 2 (15nm) / Ta (5nm) W&tfjMt^ft. 

m 26 if: A Tt&# A3 ^ B3 fi^^Mt&A^. i£# A3 57 ^#r#ift 
MR 26%. ^# B3 £ 63 JW#4i^%T#£j MR 3t#. 

27%. 

© 27 7i£# A3. B3 C3 <ft MR £4fc4^§;^fcB.*$<fMft&&. ® 
t#- MR £4fc^L:f: V HfrtftfL^— A3 ^ B3 ^%FJL^. 
^#-^f«)-^Bt^^B-V 1/2 >bC3 V 1/2 *, MR ^tW^^^if^^, 

&%*Lt£M A3, B3 ^ D3 iS&J&M&lt&MI?* £.JfclfM%r 75 
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t^f^^^^^^^^^. S28tf*T^#A3, B3^D3 

i&3Ufc&#*.#. A3 B3 tf:^, 

CogFe/Ru/CogFe B-Jk&faftZl % $lJ&tf]T&%- B3 

*JiJ0ri£, JEM, ® 3 Qfyth&&^mi&7L / fr&m ^n&&$k%. 

^<]J3 Si0 2 . A1N> MgO. LaA10 3 ^ CaF, /f^^^^-^LT-^JC 

^^>J 4 

~Vm%M& Si/Si0 2 JM&ill Si/A1N0 2 J^-L^J^*^"® 4 il@ 5 Jf/p^Sf 
#^££#J t# ^^M>^m,^7t^- (#,#A4^B4) 

^#A4*tTaM, * Ni-Fe/Co-Fe — & 
Al 2 0 3 lJL^^— ^%>gr, & Co-Fe lJL&i#^#L£&yg:. * Ru &U&#$— # 
* Co-Fe fSJBJbXS&MM;* # Ru *BA«$#JMM*4*Jk # Co- 
Fe &£tt$v9&l&&« & Al 2 0 3 & Co-Fe/Ni-Fe 

i*# B4 ,MT Ta J&>&, * Ni-Fe/Co-Fe ~y£$tM&i#^-H^&^ * 
Al 2 aj^L^^-^%^ * Co-Fe lftA«0j|5^4Uat&. *RufiAfiO|5— * 
Co-Fe ^MM:/Ir-Mn^MMM,/Co-Fe^MM, *RuM^^ 
#^<l±,g, & Co-Fe m.M %W$kMM:, & A1 2 0 3 lJL&t^^hk>g-. * Co 
-Fe/Ni-Fe ~JkW^#l%£MMJ&> Ta 

iaC#A4*rT^r**J#: #*#J&^#«-t» #ife*Jflbt^^Ji- 
£^1 x lO 7 ^,^, -^A-Ar, &M$LfU3Lj], fc&teJc-mX-JkiilBL 5nm)/Ni 81 Fe 19 
( 16nm ) /Co 4 Fe 6 ( 3nm ) /A1 2 0 3 ( 1. 7nm ) /CoFe ( 2im) /Ru ( 0. 7nm ) /CoFe ( 2nm ) 
/RU( 0. 7nm ) /CoFe (2nm) /A1 2 0 3 (2nm) /Co 4 Fe 6 ( 3nn ) /Ni 81 Fe 19 ( 16nm ) /Ta( 5nm ). 

Ar H&^m Al Jfe&JBI Al &;F#^£##&T4v*JPL, 
^'J W Mf^^A A1 2 0 3 . 

-ti£j&4J&&J&^> #JJ8^&*-Mtfc.*M$ Ta ##j&-fc.^& 100 um 
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^A*t«J#X.i-fiOiP^fl^>ftS^, ^J^*^*k*J*t*>i|5— A1 2 0 3 

CoFe/Ru/CoFe/Ru/CoFe/AlA/Co/ee/NigjFe^/Ta >fe#;F3&Jklfc## 
^-&&J&®J&, ttmtt&M&L 300nm # A1 2 0 3 JBL jRj&Jifr* 

%^-&lr A1 2 0 3 , fc%i^VX^ih^$tXfy&JkH 

Jl®# Al, Al %#Ufc$,. j»^A^+tt»*t8LjPt. -£#£j&t 

x 10" 7 ^,>&, -fv>vAr, #&S>]MJt^, ^«LbJ®^^.Ta( 5mn) /Ni^Fe^ 
( 15nm) /Co 9 Fe ( 2nm) /A1 2 0 3 ( 1. 5nm) /CoFe ( 1.5nm) /Ru ( 0. 7nm) /CbFe 
( 1.5nm ) /Ir - 

Mn (14nm) /CoFe (1. 5nm) /Ru (0. 7nm) /CoFe (1. 5nm) /A1 2 0 3 (2nn)/Co 9 Fe ( 2rm ) 
/Ni 81 Fe 19 ( 15nm) /Ta ( 5nm) m.&^-k&fam&JZT&1&& A1 2 0 3 . 

-hi£*>g:J&&J8lJ&, #]/8^&;|Lfc3Lb£p# Ta mf t &±3&& lOOum 

7t2kJLirtf}%~ft¥M;®1&, mmX?&M$L#J*x.%— A1 2 0 3 lSLfc^tt 
CoFe/Ru/CoFe/Ir — Mn/CoFe/Ru/CoFe/Al 2 0 3 /Co 9 Fe/Ni 81 Fe 19 /Ta. #- _L i£ 

C4 &5k$k<&-^- mt^stft, ^ Ta ( 5nm ) /Ni 81 Fe 19 (16nm)/Co 4 Fe 6 
( 3nm ) /A1 2 0 3 ( 1. 7nm ) /CoFe ( 2nm ) /Ru(0.7nm ) 
/CoFe (2nm)/Ru(0.7nm) /CoFe (2nm)/ Ta(5nm) i*#6^5^#J. 

D4 ^^SMM^^^m>\k^.mL^7t^ Ta (5nn) 

/Ni 81 Fe 19 (I6nm) /Co 4 Fe 6 ( 3nm ) /A1 2 0 3 ( 1 . 7nm ) /CoFe ( 6ran ) /A1 2 0 3 ( 2nn ) / Co 4 Fe 6 
(3nm) / Ni 81 Fe 19 (16nm)/ Ta (5nm) 

&® 29 Ti£# A4 B4 #*frfej&3ftj£fclfc. *ti^-&# A4 £ 33 
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£#HN5J#*&T, MR £4fc^# 28%, i£# B4 18 ^*f#^^^%T*t 

#MR3t4MMr 26%. 

® 29 ^Fifc Ti£# A4, B4 ^ C4 6^ MR £4M^^Nfij0i>%JBL^^i£^j^. 

it, i£# A4 ^ B4 fit^M-ffc^frfO— ^Bt^^fcH V 1/2 *bi*# C4 # 

&4NciW A4, B4 ^ D4 t > &fa>f8k%r 40 ^*f# 

t^f^t^^^^-^^^^^^^. @ 31 A4. B4 ^ D4 

tfe %,&4fc£S,— ^StT^^rsfc, D4, ^-A%^l^?t^% 

^}k.m%Mm^TW. M&ftlJgL, *H£# A4 ^ B4, 3&#3UK.3(J^fifci& 

CoFe/Ir/CoFe/Ir— Mn/CoFe/Ir/CoFe 6^>gr^&i#-&# B4 ##.^K 

^^h^'J^Si0 2 . A1N. MgCX LaA10 3 ^ CaF 2 #^^^^-/XT-^Jt^ 
^^-J 5 

-fgJt® 7 it,® 9 MRAM, i£>$>£. Si/Si0 2 i£ Si0 2 J^L#J#*^® 

32 ^W^tttf&&-\kKmLi&7Lft- ( i£# A5 ^ B5 ) fifrW^-. 

T^#A5*^"Ta^>gr. & Fe-Mn£JU&i#|5--,gj£U3tg-, & Ni-Fe/Co— 
Fe £ & A1 2 0 3 ^JL^^— & Co 9 Fe 

IkStg. ^AljOjWI^t^ & Co-Fe iJlMl* -H-^U^ >fc 
i% ( & Ni-Fe M&^JL4&&,£, & Fe-Mn #Jl&t#|^iL4fc^, & Al 

i£# B5 Ta i8.M&M;, & Ir-Mn IftA^^ — & Co 

— Fe i&A&j % # A1 2 0 3 £JU&i# ^ — ^h^>g-, & Co- Fe/Ni- Fe/Co 

-Fe =-ygr^iL^^^4^>#^ & M 2 0jS.&&}%~Jt&M:. ^Co-FeM 

3.^^ ^ ( & Co ^JL&i^ =-£U&>g:. & Ir-Mn £jL&60Jf -=-,5L^ 
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32 ^/pF, t£# A5 B5 1 6t ft^-f^ &&&& it % ~£Jtk 

IMO- 7 ^, -f-A. Ar, i&5>)M,;t>£.^7, fc&%L±.M#LM:3t Ta ( Sum) 
/Fe^Mn 46 (18nm)/Ni 8 Fe 2 ( 5nm ) /CoFe ( 2nm ) /A1 2 0 3 ( L 7nm ) 
/Co & Fe(3nm)/Al 2 0 3 (2nm)/CoFe ( 2nm) /Ta ( 5nm). fc&L Ar ^t^l Al 

-£&M:3tm£m&, *\m&M$L$J&$Jz.3f¥l Ta fc&M:±%& 50 Mm 
Jk, (EB) *M*j|tjM-3$— A1 2 0 3 vAXfh&J&^rmniivx-. ffl 

1 x 1 m m 2 , 0. 5 x 0. 5 m m 2 , 0. 15 * 0. 15 M m 2 ft^fefe-WtQ, M 

flJ8fc^4l5Mfc*;#JM.* 300nm <tf 
A1 2 0 3 , J&£lfr*%^#iMM^&B#A#Ji*tt A1 2 0 3 , &&&%VX*\tfi^ 

%&.fti&4f& t M%&., Ta j&J&Jffi<fc^4 Ni 8 Fe 2 ( 5nm) /F e54 Mn 46 

(18nm) /Al (5nm) ##>£^%;feLg&^. JkW%J&±^tfl 

T*#B5fe«T^"**J^. #4M*#A3M*5£5.t, #^'Ji£^^J- 
^lxlO' 7 ^, -^A. Ar, i&^JMJUE.^. £.&%L-tm&.0& Ta (5nn) 
/Ir^^ (18nm) /CoFe ( 3nm ) /A1 2 0 3 ( 1. 5nm ) /CbFe ( lnm ) /Ni 8 Fe 2 ( 3im ) / CoFe 
( lnm) /A1 2 0 3 ( 1. 8nm) /CoFe ( 3nm) Ta ( 5nm) *>g-. itst-^-h^^#^r^- 
A1 2 0 3 . 

^l/Bfc-fviL ( EB) *34$3Li*fr$5— A1 2 0 3 «JLtt^6aaMf**>;fc*i, 

1 x 1 m m 2 , 0. 5 x 0. 5 m m 2 , 0. 15 x 0. 15 m m 2 #|fcJ&iiJSU£l£, J& 
#X&&ft%* t TM£.ft&®1&, *Vn*>T&&QLX>&&&.% 300nm ft 
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A1 2 0 3 , m&fk-&&^-M£i&&M;mJ&%Lgr-£&tf} A1 2 0 3 , £*HF#*h#-SF£* 
4t-4L^St#3^#M-*» -frfiMr Ta Co/Ir^gdSW/Al 

C5 Ta ( 5nm) /Ir^ 78 (18nm) /CoFe 

( 3nm) /A1 2 0 3 ( 1. 5nm) /CoFe ( lnm.) /Ni 8 Fe 2 (3nm ) /CoFe ( lnm) /Ta ( 5nm) 

^#D5-^-R# B5^^^i^l, Pp^Ta (5nn) /IraMhrotlSnm) /CoFe 
( 3nm ) /A1 2 0 3 ( 1. 5nm ) /CoFe ( lnm ) /Ni 8 Fe 2 (3nm) / CoFe ( lnm ) 
/Al 2 0 3 (1.8nm)/CoFe(3nm)/Ir 22 Mn 78 (18nm)/ Ta(5nm) S^^jMi^. ~ i T?k. 
Mm 32 itf^MWl*), &_h^# IrMn &Jk&%=-&J&MJk (%>Ta 
tiftfrlLfa3-&Mg&ft&tem. #JL, Al 

*£# E5 ^*&J^4k&J£tf&J&te>GLf2i5Z£^<fr, Ta (5nm) 

/CoFePt(13nm)/Al 2 0 3 (1. 5nm)/CoFe ( lnm) /Ni 8 Fe 2 (3nm ) / CoFe ( lnm) 
/A1 2 0 3 (1. 8nm)/CoFePt (13nm) /Ta ( 5nm ) Itfi-ifiM^fa. 

® 33 t-^ife T:&# A5 ^ B5 #J&%*&*t&##. A5 29 ^*r# 

tfjm&mytf} mr %.4£^tfjmn$Jk 28%, ^# bs £ 39 ^^mm^ym 

MR £4fc**$8N*tt£. 27%. 

3 34 ^ifc 7^.# A5. B5 C5 # MR ^4fc^ife>%^^^#,. £ 

A, A5 B5 ^^^.fE^^^LM— V 1/2 Jfcifc 

#C5^V 1/2 ^L, #J1MR ^^M^^^^^*. 

Mfci^ A5, B5 D5 ^ E5 ifc^£Wf*%g t> &^$&W% 70 
^#t^f^#^t^^^^^^^. S 35 7i£# A5. 
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ft. M&JfcJL, A5 B5 jMT£Mfltt^«W4Ufc&tt&#. SI 

;3*h £3'J$ Si0 2 , A1N, MgO, LaA10 3 CaF 2 ^^yg-^'ff <5LT-«tiL 
^*M*J 6 

1-4 J5]#i^3r&-, £ Si/Si0 2 ^4. Si0 2 J^_h*J^*^f 
Vr&jMz&Zkft. T^ffi Ta. Ti. Ti/Pt. Pt. Ti/Pd. Ta/Pt. Ta/Pd. TiN x t 

-fc^gr) 100000 ^^T^Ht^^-*'tfL-^^7^^'ib^«s. *H£*T— #-&#4fF# 
#J;Uft MR £4^, MR m.^^^t^^mA^t^^^x^ 



32 



00135319. 5 



m U SI31/36W 



-|t 1 





\n 
(V) 


V ( 100000) 

/ 


Ir^Mrire / CogFe / Sic^ / Co7Fe 3 / Sio^ / CogFe / Ir 22 Mn 78 
(I8nm) (2nm) (1. 8nm) (2. 4nm) (1. 9nm) (3nm) (20nm) 


0. 71 


0.98 


FeMn / CojF^M/ A IN / Co T Fe 3 / A1N / C^Fe^Ni/FeMn 
(17nm) (3nm) (1. 9nm) (2. 4nm) (2. lnm) (3nm) (I9nm) 


0.7 


0, 96 


PtMn / Ni 8 Fe2 /CogFe / A1 2 0 3 / Co^ / A1 2 0 3 / CogFe / Ni 8 Fe 2 /PtMn 
(16nm) (3nm) (2nm) (1. 4nm) (2nm) (l.9nm) (lnm) (2nm) (20nm) 


0. 79 


0.99 


Ir^Mn^ / Co 4 Fe 6 / MgO / CoFe / NigF^ / CoFe / MgO / G^Feg / frjaMtiw 
(17nm) (3nm) (1. 7nm) (lnm) (lnm) "(lnm) (2. 3nm) (3nm) (17nm) 


0. 76 


0.96 


CogsNi^ / Si02 / Co^Ni / Iiz^ / Co^Ni / SiO> / Co^Ni^ 
(14nm) (2nm) (1. 5nm) (18nm) (1. 5nm) (2nm) (17nm) 


0. 77 


0. 97 


Ni 8 Fe2 /CoFe/ ALN / Co /FeNi 2 /FeMn/FeNi 2 / Co /AIN/Co/Fe 
(lnm) ( 7nm) (l. 9nm) (lnm) (lnm) (I8nm) (1. 5nm) (lnm) (7nm) (lnm) 


0. 75 


0. 95 


CofeFejs/A^Ob/CoyFe^N i/PtMn/CoyF^N i/Al^Co^Fe^ 
(lOnm) (1. 7nm) (2nm) (18nm) (2nm) (2nm) (14nm) 


0. 81 


0. 91 


CosoPtso / MgO / CoFe / Ru / CoFe / NiMn / Co^Ni/ MgO / Co^Pt^ 
(12nm) (2. lnm) (1. 5nm) (0. 7nm) (lnm) (l5nm) (2nm) (2. 2nm) (I5nm) 


0. 74 


0. 94 


(19nm) (3nm) (2nm) (l. 6nm) (15nm) (1. 6nm) (2nm) (2nm) (19nm) 


0.71 


0. 91 


Ir^Mn^CogFe/A^O^eCO/l^ 

(19nm) (3nm) (1. 8nm) (1. 6nm) (13nm) (1. 6nm) (2nm) (2nm) (19nm) 


0. 78 


0.98 


Ir^Mn^CoFe/AlN/FeC^Ni/fr^ 

(19nm) (2nm) (2. 2nm) (1. 5nm) (17nm) (1. 5nm) (2. 2nm) (2nm) (19nm) 


0. 78 


0. 98 


PtMn/CoFeNi/MgO/FeO^Ni/FeMn/FeQ^Nia/MgO/^FeNi/Fi:^ 
(20nm) (3nm) (2. 2nm) (1. 6nm) (l5nm) (1. 6nm) (2. 2nm) (2nm) (20nm) 


0.81 


0. 91 


CoFeNi / Si02 / FeCo / Ru / FeCo / Ru / Co / SiO^ / CoFeNi 
(15nm) (2nm) (1. 5nm) (0. 7nm) (1. 5nm) (0. 7nm) (1. 5nm) (2nm) (17nm) 


0. 73 


0. 97 


CoFePt / A1N / Co / Ru / Co / Ru / Co / A1N / CoFePt 
(15nm) (2nm) (lnm) (0. 7nm) (lnm) (0. 7nm) (lnm) (2nm) (17nm) 


0.78 


0. 98 


CoFeNi / SiOtj / FeCo / Ru / FeCo /I^Mn^/CoFe/ Ru / CoFe / Si0 2 / CoFeNi 
(14nm) (2nm) (1. 7nm) (0. 8nm) (1. 6nm) (17nm) (1. 6nm) (0. 8nm) (1. 7nm) (2. lnm) ( 
14nm) 


0. 78 


0. 98 


CoFe / A1N / FeCo / Ir / FeCo / PtMn/CoFe/ Ir / CoFe/ ALN / CoFe 
(15nm) (1. 4nm) (lnm) (0. 9nm) (lnm) (17nm) (lnm) (0. 9nm) (lnm) (2. lnm) (15nm) 


0. 81 


0.91 
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7 

|J tiMM-J&fc n¥i2jmM^W3L£%A1r ( tt# Tl, T2 ^ T3 ). 

i£# Tl Ta ^>gr. & Fe-Mn/Ni— Fe ^-M^S-A^^—J^MM:. 
& CoFe lE^^— & Al 2 0j3L&tf)%—fr%>M. & Co 9 Fe 

~5k#kJk. & kl 2 0 3 t£L&tf}%~fr&M;. & CoFe & Ni- 

Fe/Fe-Mn — &m&&ti Ta ^MzM^M:^^, % 
CogFe M&#|^4fe&y&ttf $W&;t;H7 2. 5nm. 

i 1 ^ 10" 7 Ar, i&$]$L%.&Jj£jj&, &£-tiL±m<£M;3: 

Ta (5mm) /Fe^Mn^ (20nm) /Ni 8 Fe 2 (5nm) /CoFe (3nm) /A1 2 0 3 (1. 7nm) /Co 9 Fe (2. 5nm) 
/A1 2 0 3 (2nm) /CoFe (3nm) /Ni 8 Fe 2 (5nm) /Fe^Mn^ (20nm) /Ta (5nm) . ^i*. Ar 

A1 2 0 3 . 

#4", KMtfM^ffl^, j»J^«jt*l*t^%*.*k*l*L*^ RIE 
-t-*Ptt Ta ft&M±.1&&%L7L&R.-f&] Ti «Mfe#L £^fck*J 
— A1 2 0 3 #Ji6$-2p^# Co 9 Fe/Al 2 0 3 /CoFe/Ni— Fe/Fe-Mn/Ta. 5l*fc&i/Hfc 

CVD *3t3M-^b& 300nm Si0 2 , ^fi^^^S^A^Jidj^ Si0 2 , « 
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i£# T3 «StT U Co 9 Fe ^L^^— &&£tt£g&^ 17nm # 

m 36 *fet£# Tl. T2 T3 T JL-fr&jIg&lLJtM % 

it*sMt mram 

>?-^^^# ti t. jl«#hH\ 

HUf-tf iffit^i^Mf^^t 0. 25 M m ( l/f=4) ttifc#*|fcfiLt5M*!&. 

*t-&#Ti, ^t^sHM-f- 100 £#r#, mZ&&4-J?i&im@Ltefc. %*Y> 

T2 jfc T3, ^ft^^ii 100 ^#r#, /fj MRAM t ^Bt# % Jj^ft 
^e^B^T, ^M^st^ii— #fi$#t£w4fc. 

S 37^ifeTi£#Tl, T2#*T3#MR + 

i£# Tl, MR £4M^-flMMj— 4 s - V^^it 9.9V, &J8k#jfcft 
>\k±nfy®. #T%&&lbJM-#&&1bTZft T2 ^ T3, JtP%m&M 

^® 36 37 w^s^-ib, %-toJk#i%-MM%, mi*?*m%&& 

mafc¥iJ6Lftf&&#j%ia, mi&44&*&&jmh>&. *»*.&*Jt^JfJtfc5na 
«T, *J 0.25 urn fi&ift^7bfrWiLl^l**T«**l r 4sJ^ 100 £#r#«"F, # 
JL^^^-i-MR £/M^4M£#$M!&'l£. Iran 
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1 ~ 5nm. 
$^'J 8 

T&i)LW£. Si/Si0 2 J^Lh#]#@ 14 #pF3|5#i£#6$ MRAM 
Si ^ 151 JzMfi^thf CVD Si0 2 J&, t^^xt^i^^ 152, 
£pj£«Mr,I:, %mjLMl$&^gi®1&, *m RIE ^ Si0 2 _UraJLKJ;j#, #JJfl 
«t^E7#|*ji^V Cu, .^^itit CMP 152. 
#J#^-&^ CVD^^ 152 250nm # Si0 2 ,griS] 

tf^A-^tiit, fti&m£$Ltf)WteJirg:jlL 3* 10- 8 ^J&, -f- 
A Ar, iifJ^L^^>2.^^. ^ Si0 2 >gfil ^.^J^-h^r^ Ta ^>ir 
/ Cu (50nm) /Ni 81 Fe 19 (5nm) /Ir^i^g (12ran) /Co^Fe^ (3nm) /A1 2 0 3 (Iran) /Co g Fe 10 (2 
nm) /Ni 81 Fe 19 (Iran) /Co^Fe^ (2nm) /Ru (0. 9nm) /Co^Fe^ (2nm) /Ni 81 Fe 19 (Iran) / Co 9 
0 Fe 10 (2nm) / A1 2 0 3 (Iran) /Co^Fe^ (3nm) /Ru (0. 9nm) /Co^Fe^/ lr^n m (12ran) /Ni 8J 
Fe 19 (5nm)/Au£Mr,g:. ^^Ar^t. #J # Al #L^& Al -?v^;F«£* 
Af^-S^fL, iti±m-^^^^t^^Al 2 0 3 . 

^-t^Sr^MJi^J^ Si 3 N 4 $|, ^Ul^^ritit^J^^^®^, 
#J#! RIE ^M^^gt^ 153 #>^kJ^i^Ti^«], ^JL^^^, M 

^-&M$L^J3«3-%— A1 2 0 3 ^Jt-^p^6^>gr5:>gr, TMR ifc/ff. TMR ic/ft 

##-iG>M-t§M^& 0. 4 x 0. 4u m 2 . m&f£-£rfr&&®1&. 

mt^%^f- CVD Si0 2 *»] CMP JMPj£»] 250nm ^, 

'fegtfr&M, WJa4kM8AL1&A#&M:mi&, mm RIE JMLftfe-Jt. 
trttikM, 154, M^&^Jk 155 ^^-=-^ 156. 

( 1 ) — iMt TMR >b#t J&A. 1mA 6$ — lOnsec #J?*.Jt%, 

SfcSUt^^, 152 156, >Mafi&4tg- 115 #£&J&to6$*to3r6j3f*Jfc 
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(2) Xi&jTMRit^vi^ll^*,^.. 

(3) 152 ^fc 156 _Lj&i£ lOnsec titf&ktiL&MTZ&M: 
115 ^^^^^^^^t#^ri^^^^^. 

#*h, #^-f^fti5^L6 115 tf^fc&^ft&fc&MMfytffaif&fa 
•\sL%_i&!&% lOnsec, 3mA. 

afcfr^Aj&, £ tmr ^ttafc*£JL* 1 &*, ii^&fe^^flWM*] 

$%$&vL^lM: 115 ^m^B^i. 

*t&£&W#J 0.4* 0.4^m 2 il#,M-# ™ dWMMJ (2) 

TMR ^frXSAt^at^^*, ty^fcSfcflftfcM 10mA, **2t^SUH^ 

mtjtLfa. -kpJk&m (3) ^^t&^t>& ii5 &&%mt&7rft%>?&&it& 

,MB&3tyg: ll^m^M^^^^^M^^^H^ 4. 3mA. 

%lM: 115 &mt&%&fa&faiL^mtt&%L%faH, 2.6mA #&>,t 
iMrfmz^LM; 115 tfjmnt&.'fr. ^&o^£>mh&&>& 115 

&M&fa&M^jU&fyib^jL^&fr$Lit TMR xtf-tf} &$tktfu3-£], TO 
^jL^M^^^'b^itTJ^X^T^^M: 115 6^ttlSLiSj. 

KM-Xm^'^'y. Jktij&f?&.f$Jk MRAM #$#A4fcS^$;A*» TMR X/ff 

9 

5., Si ^Ji^^>g-4^ lOnm t# Ta/lOnm ^ NiFe 2Sl&#)MM:. 

& 50nm # IrMn 161. & 1. 5nmCo 9 Fe #L#b& 162, 

* 1. 5nm ft A^O, t3.&Jf}%— mOJ&^M: 163, & 1. 5nmCo 9 Fe ^JL^^-=-#l 
164, * 0. 8nmRu &JsJft%— 165, & 1. 5nmCo 9 Fe 2- 

166. & 0.8nmRu M&i#|^M&'bbi- 167. & 2. OnmNiFe ^Bj^f&ik. 
f&M; 168b, & 1. 5nmCo 9 Fe # iaM&fi*,g- 168, & 1. 5nmAl 2 0 3 

&*§L,gr 169, * 1. 5nmCo 9 Fe laAtt # JUMfltS- 170, & 50nmIrMn liU&ift^ 
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*&>gr 171. 

>£.T&>G#t> 164, ^Mfcfetg- 165, #=4fel&g- 166, 

3£^L4Mfrfefc>g- 167, 168b, $ 4 Ifcl&g- 168 172. 

t$L&%*$J& 172 +, ^—^^>#>g- 164, 166 i&±%—#8k>frM: 165 it 
&M>)£M&, %^ %-m®M& 166. 168 167 J&JkM>&- 

MFe&tikM 168b4J&T«.|5^-4fcl*>5- 166 #J&4fc0LM3 J^r-fr^e? 
<Db#>g- 164. 168 &}mbJ®fo¥}ik M ( 2+4 ) .Ma* H i*r2LS.#. 

^m£$r%L&>%M%tf)&. fo&%—^%^n.W&%~Jk 163. 169 6$ A1 2 0 3 

Al itii^^^a^^. ^— iUfefifeS- 161 ^ 

-H&#>g- 162 ifit 100 ii m %tf&%T^mW&1Fvffi&%UU&, 
%— VU&#JU& 163 ¥s Al it^^^^^f-o^^AJBt %— f&& 
163 ^-t^^itit^T^i&^i^^r^J^t^ 100 Mm 

&&%L%i&&j%a$L% 100 x 100 Mm 2 . #M-&J&&0,tf-&fo 100 ^4&r##r^&%, 

mzfik^mfoTLVrft-z, &MRv9&&i$%JBj&fZiii; 100 
Jt^^«^^TSUH*%15Uit*.4fci& 22%. 
^^-1 10 

tfc^;&#'] 9 6$&#fl»3R'h#M*%JBJGfK Pi5t^^f&^i& 5 x 5 M m 2 , 1 * 1 M 
m 2 i£ 0. 4 x 0. 4 m m 2 . J&Tt/fr, M ^ ;t>#& JfiBt, frft) 

>M2,&#r#, 25^#r#, 35^*f#3t#^^%T»J^^FJ.^t. 
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m 12 
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